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SUMMARY 
The breeding of hardy apples is naturally such a long time proposition 
that it would be a distinct ad\'antage if by microscopic examination of the 
wood, by mechanical tests, or by other observations the hardiness of a tree 
could be determined while it was still in the nursery, The follo\\'ing is a 
summary of the facts brought out in the investigation of "Hardiness in 
the Apple as Correlated with Structure and Composition. " 
1. The cutting, compression and penetration tests seemed to indicat9 
some correlation bet\veen hardiness and hardn ess, but exceptions were found. 
2, Twigs from northern sections, exeept the forms of Metlus riv·ularis, 
Red June and Patten, \"ere no harder than twigs from Iowa and furtl:er 
south. 
3, Specific gravity tests of dry \yood sho\yiug density corresponde:l very 
closely with the mechanical tests sho\ying hardness, indicating that t he two 
tests are fairly accurate means to the same end. 
4. Variat ions in the specific gravity of twigs of the same variety from 
different sources ,yere noted, as was also the case in the I1l cchanical tests. 
Twigs of the same variety from the same source gave pretty uniform results, 
5. The specific gravity of twigs varies, to some extent depending upon 
what part of the twig is used. The tenderer varieties} ,yhich mature a 
little later in the summer, gave the greatest specific gravity a short distance 
back of the tip; earlier maturing val'ieties increased in specific gravity in 
proportion to the distance from the tip. As the tests ,yere made in July 
this differen ce is in all probability due to the differen ce in the maturing 
of the twigs used. 
6. The maturity of the ,yood at the time cold weather sets in undoubted-
ly has a most impol·tant bearing upon the ability of the tree to withstand 
cold. 
7. By noting the fOl'mation of terminal buds and the time of leaf fall 
a pretty accurate idea of maturity can be sec urecl, except in case of a few 
varieties. 
8. The hardier varieties on the m-erage had a slightly lower moisture 
content t han the more tender varieties. 
9. The difference in water co ntent can be explained partly at least by 
the fact that the more tender sorts evaporate ,Yater more readily than do 
the hardy var ieties . Freezing tends to dry the t,yig ant, and after a 
period of very cold " 'eather the twigs of t he hardy varieties are generally 
found to contain the most moisture. 
10. The rate of e\-aporatioll is due in part to small differences in thick-
ness and structure of bark, including differences in the Dumber of cutinized 
layers. 
11. Most of the hardy varieties contained a large amount of starch 
stored in the pith and medullary rays. The Mal1ls ioe1!sis, however, proved 
to be an exception in this regard. 
12. Large, thick petals are cOlTelated ,,,ith hardiness, although the cou-
\'erse of this is not always true. 
13. The results of the freezing experiments show that "'ithin the limits 
obsen-ed a sudden drop in temperature is more injurious than the actual 
degl'ee of cold. 
14. While all t"'igs not pre\'iously dried "'ere injured to some extent 
\yhen held :in a temperature of -10 degrees F. for 20 minutes, the injury 
was less in the hardier Yarieties, thus showing their ability better to with-
stand such a sudden drop in temperature. 
15. While in the various lines of comparison which were made there 
were found many indications of morphological differences between hardy 
and tender varieties, yet from the practical view point as yet it is impos-
sible to name anyone test by which the degree of constitutional hardiness 
of a seedling apple may be foretold. Among the various tests for hard-
iness, that of the length of season required by the tree to mature the sea-
son's growth is of first importance. Perhaps by taking careful notes on a 
number of trees of any particular variety for two or three years or more, 
noting their time of staJ.'ting and cessation of growth, their ability to pro-
duce a good root system from the cion, their water content, the resistance 
of their twigs to sudden zero temperatures, and their rate of evaporation, a 
pretty accurate idea of the ability of the tree to withstand, ,cold might be 
obtained. If in addition the variety has hard wood, a good amollnt of 
stored starch and large petals these would be further indications of hardi-
ness, although from this study it appears that these points are of less im-
portance than those first named. 
HARDINESS IN THE APPLE AS CORRE-
LA TED WITH STRUCTURE AND 
COMPOSITION 
By S. A. BEACH AND F. W. ALLEN, JR. 
Is it necessary to grow an apple tree to bearing age before its 
hardiness can be determined ? Is it possible by microscopic ex-
amination of the wood, by mechanical tests or by other observa-
tions to determine the relative hardiness of the tree while it is in 
the nursery ? In other words, do hardy varieties of apple trees 
have some constant characteristic, or some combination of char-
acteristics, by which they may be distinguished very early in life 
and thus shorten the time and lessen the labor of selection in 
apple breeding ? 
These questions have probably come to the mind of every 
apple breeder who has undertaken to produce varieties of desir-
able hardy apples for growth in such regions as the Upper Mis-
sissippi Valley. The answer was sought in the investigations 
which are presented in detail in this bulletin. 
These questions are of particular importance to fruit growers 
in the Upper Mississippi Valley because since pioneer days they 
have sought the origination of desirable hardy apples for this 
region, and particularly winter varieties. North of the latitude 
of central Iowa, from Lake Michigan westward to the Rockies, 
there are practically no commercial orchards of winter apples, 
and very few winter apples of any kind are grown. This is be-
cause the standard sorts are not hardy enough to maintain them-
selves under the climatic extremes of drought, heat and cold in 
this interior region. 
'l'he region produces considerable quantities of summer and 
fall apples, some of which, as Oldenburg and Wealthy, are stan-
dard varieties. There are others of special hardiness, as Hi-
bernal and various Siberian crabs and crab hybrids, which grow 
in home orchards and find a limited sale in local markets. The 
question arises whether by using these and other hardy summer 
and fall varieties as a foundation stock, and either crossing them 
with standard winter apples of good quality, or self-breeding or 
intercrossing them, and selecting the most desirable progeny, it 
may be possible to originate new hardy winter apples which can 
compete with standard varieties not only in local, but in "vorld 
markets. 
This question has received more or less attention from indi-
vidual growers and nursery men, state horticultural organizations 
and state experiment stations in this region as well as in other 
northern apple growing districts, notably at the Dominion farms, 
Ottawa, and in other parts of Canada. 
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At the IO\\"a Agricultural Experiment Station definite apple 
hreeding work was undertaken as early as 1886 by Prof. J. L . 
Budd and his assistants and continued to r eceive more or less at-
tention from him and his successors. In the autumn of 1905 this 
work came under the direction of the senior author of this bul-
letin and in 1907 ,ras established as a defi~1ite Adams fUlld 
proj ect. 
Some 'r esults have been r ealized but the ,york is necessarily 
slow on account of the time required in testing the hardiness of 
the tree and the value of the fruit. In these northern districts 
the age at which the trees begin to bear to any considerable ex-
tent is not often less than 8 years. This is a long period to wait 
for new varieties to begin to show their character as to hardiness 
and productiveness of tree and desirability of fruit. It would 
be clearly a great advantage if selection on the basis of hardi-
ness might safely proceed .at once ,,"ith the young seedlings in 
seed bed or nursery 1'0\\·. 'l'h,en it would be possible to discard 
the less hardy seedlings and greatly reduce the percentage of 
trees which would need to be transplal1teu to the orchard for test-
ing as to productiveness of tree and character of fruit. Therefore 
these questions concerning hardiness in the apple as correlated 
with structure and composition arise. 
To secure information bearing on this particular problem was 
the purpose of the investigation undertaken in the fall of 191.1 
as a phase of the apple breeding project at the Iowa Agricul-
tural Experiment station by1 the junior author. 
ME'L'HODS AND MATERIALS 
Because the new growth is the most susceptible to winter in-
jury, only this part of the wood was used. '1'he twigs, or cions, 
were taken after growth had ceased for the season and the 
foliage had fall en. Tests ,,·ere made with 'Yood from near both 
the base and tip of the cion. 
The Experiment Station orchard furnish ed cions of many of 
both the hardy and the more tender sorts for this section. They 
wer e from bearing trees growing under a system of cultivation 
and covel' crops. These varieties included: 
Anisim Iowa Blush Salome 
Baltimor<! JOI1ilthan Silken L eaf 
Ben Davls Lansingburg Soulard 
Delicious Mc Intosh Virginia Crab 
Black Am:.-ette OlLlenburg (Duchess) ' Walbridge 
Gano Patten Wealthy 
Grimes Ralls (Genet ) Winesap 
Hibernal Roman Stem 
Some of th ese cions were packed and put into storage to hold 
them dormant until r ead? for testing. Many of them wer e im-
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mediately graft cd on seedling roots, stored, allo,,-ed to callous 
and then put out in nursery rows. 'fhe object of this ,ras to 
provide nursery trees of the desired varieties so that later cions 
could be taken from trees of the same age growing under uni-
form conditions. 
Other cions of 15 different varieties ,,-ere secured from the 
Shenandoah Nursery Co., Shenandoah, Iowa, and from Charles 
G. Patten" Charles City, Iowa. Still others 'were secured from 
10 other sources from as far north as Sitka, Alaska, and Ottawa, 
Canada, as far south as :F'ayetteville, Ark., as far east as College 
Park, Md., and as far west as Pullman, Wash. 
'fhis gave opportunity to compare wood of the same varieties 
from different regions. In most instances, however, anyone 
variety was not obtained from more than three or four places 
and even in these cases, the conditions under which the trees had 
- been grown were naturally quite variable. The comparison of 
the different varieties grown in the same locality and with the 
same environment is regarded as thc most important feature of 
this research. 
CORRELATION OF DENSITY OF WOOD WITH 
HARDINESS 
Mecha1lJical Tests 
It is a fact of common observation to the horticulturist that, 
when pruning, some varieties of trees are much more resistant to 
cutting than others. Forms of Malus ioensis, the native crab of 
this section, have much harder wood than such a cultivated vari-
ety as Ben Davis. The former also make a much slower growth 
and are hardier. Thus there might naturally be expected to be 
some correlation bet,,'een texture or density of wood and hardi-
ness. 
Mechanical tests are used in determining the hardness, tough-
ness or strength of large timbers, but so far as known, no such 
tests had ever been carried on with small twigs with the idea of 
correlating their hardness with hardiness. To make these tests 
with such small wood in this investigation it was necessary to 
contrive a special machine. As finally used, it consists of a 
frame of two parallel iron rods about 3 feet in length, with a 
pair of half nippers bolted on one end. Attached to the left 
arm of the nippers is a wire connecting with a spring balance 
which is suspended in the middle of the frame by an upright rod. 
From the other end of the balance, a flexible wire is attached 
and connected with a crank on the opposite end of the frame. 
An automatic contrivance fastened to the face of the balance re-
cords the pressure exerted by each pull. By taking this reading 
and computing the length of arm of the nippers the number of 
pounds pressure required is obtained. 
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Fig. 1. The special machine designed and built to make the mechanical tests 
of apple wood density. 
In making cutting tests, the jaws of the nippers are set so that 
the cutting edges do not touch each other but overlap so that 
they are constantly kept sharp. For the compression tests, jaws 
are made having a fiat face 4 mm. across. A fiat faced pin, 
1 mm. in diameter, is used for the penetration tests. 
Cions 4 mm. in diameter half way between base and tip were 
adopted as standard for this work. Where a cion either larger 
or smaller had to be used, its size is noted or is accounted for by 
figuring in an "equalizing factor," which gives a fairly accurate 
comparison on a 4 mm. basis. Several tests were .made from 
each cion and two or more cions were used in each case. Each 
cion was known by number to avoid any chance of error from a 
personal bias. 
The penetration tests with green wood were soon given up be-
cause the wood split too badly to permit of accurate results. 
The data in table I tend to show that the wood of the hardier 
varieties in many cases resists the most pressure. Delicious, as 
compared with Jonathan, and Stayman, as compared with Wine-
sap, are two very noticeable examples. 
DELICIOUS VS. JONATHAN 
Cutting Test. Lbs. 
Delicious, from Ames 
Jonathan, from Ames 
Green 
45.6 
36.7 
Dry 
57.5 
43.9 
'l'ABLE 1. SUMMARY OF RESULTS OF 'l'ESTS OF VARIOUS APPLE WOODS FOR HARDNESS 
(The varieties are listed in order of hardness) 
C uttin g Tests Compr ession Tests II Penetration Tests 
Green Wood II Dry Wood II Green Wood II Dry Wood II Green Wood II Dry Wood 
~I Variety I ~! II ~ I Variety I~! II ~I Variety I~! II ~I Variety I~! II II ~I Variety Iw~ .0 ... ...:lP-< 
A. -MATERIAL FROM AMES. IOWA 
1 Oldenburg 65.7 I 1 {MCIntosh 72.9111 Ralls /110.51/1 Oldenburg 166.0/ (No Test) 1 Hibernal 27.7 I Iowa Blush 72.9 
2 Iowa Blush 58.6 I 2 Oldenburg 66.8 2 Gano 106.612 Grimes 128.0 I 2 Oldenburg 25.7 
3 Anisim 50.0 3 Wealthy 62.1 3 Oldenburg 95.6 3 {McIntosh 124.4 3 McIntosh 25.1 
Hibernal 124.4 
4 Delicious 45.6 4· Gano 59.6 4 Hibernal 86.1 4 Anisim 121.8 4 Grimes 24.6 
5 Wealthy 44.6 5 Delicious 57.5 5 Iowa Blush 82.7 51 Winesap 117.1 5 Wealthy 23.6 
(3mm) 
6 Gano 43.3 6 Grimes 49.3 6 Delicious 82.2 6 Gano 23.1 
7 McIntosh 37.7 7 Winesap 48.8 7 Wealthy 76.3 7 Winesap 22.6 
8 Jonathan 36.7 8 Anisim 33.9 8 Winesap 72.4 
9 {GrimeS 35.7 (3mm) 9 Anisim 61.3 
Winesap 35.7 
10 Hibernal I 30.0 
11 Ralls 26.7 
B. - MATERIAL FROM CHARLES CITY, IOWA 
1 Patten 55.3 1 Patten 64.21 11 McMahon 1145.9 1 Eastman 154.711 (No Test) 1111 Charlamoff 1 27.7 
2 Eastman 42.1 2 Eastman 62.6 2 Hibernal 115.6 2 Malinda 137.7 2 Eastman 27.4 
3 Tolman 37.0 3 Malinda 61.6 3 Eastman 109.4 3 Patten 124.&11 3 Malinda I 25.5 
(3mm) I · III I 4 Oldenburg 34.9 4 {Tol an 48.3 4 Patten 93.5 4 Hibernal 122.3 4 Longfield 24.9 Anisim 48.3 (2mm) 
5 Malinda 33.2 5 Longfield 44.7 5 {WealthY 90.4 51 Charlamoff 119.7 II rFameuse 23.6 
I Fameuse I 90.4 11 15 i (3.5mm) I L Tolman 23 .6 
6 Wealthy 31.0 6 {WealthY 42.611 61 Anisim 87.816 Tolman 113.5 6 Oldenburg 21.8 
Oldenburg 42.611 I II I 7 McMahon 29.0 7 Hibernal 40.6 7 Tolman 82.7 7 Fameuse 111. 8 {Hibernal 26.9 8 McMahon 38.5 8 Malinda 80.1 8 Longfield 91.4 I 
Charlamoff 26.9 I I I (3mm) I II I 9 Anisim 26.2 9 Fameuse 33.9 9 Charlamoff 74.0 I 
10 Longfield 23.7 I 11 10 Oldenburg 68.8 I 
11 Fameuse 22.3 I I I II 
"""' 0 > 
C>:> 
Cu t t i ng T ests Cutt i ng T ests II 
Green Wood Dry Wood II Green Wood Dry Wood II 
~ I Variety I j£ II ~I Variety I j£ II~I Variety I j£ II~I Variety Ij~ II 
C. -MATERIAL FROM FAYETTEVILLE. ARKANSAS 
11 Ingram 
2 Stayman 
31 
:1 
Arkansas 
Beauty 
Yellow 
Transp't 
Jonathan 
61 Arkansas 
71 Sweet Bough 
8 Arkansas 
Black 
91 Champion 
101 KingDavid 
11 1 Maiden 
. Blush 
121 Winesa[) 
13 / Giant 
Geniton 
59.4 /11/ 
:::: II ~I 
48.5 4 
37.0 15 
36.1 6 
35.211 7 
34.6 18 
33.9 119 
29.0 10.' 
27 .7 11 1 
I· 23.8~ 112 21.5 /1 I I 
Stayman 
Ark Beauty 
Yellow 
Transp't 
King David 
Ingram 
Jonathan 
Arkansas 
Black 
Giant 
Geniton 
Arkansas 
Champion 
Maiden 
Blush 
Winesn.p 
71.9/11 
61.6 1 21 
52.9 I 3/ 
49.81 11 
49.3/1 5 
43.911 6 
II 
39.011 7 
35.91 1 8 
34.91 9 
I 
33.9 11 10 32.8 11 
30.8/1 
1/ 
D . -MATERIAL FROM OTTAWA, CANADA 
11 Nso~~hern 1 58.0 II 11 Hibernal 
2 Winter 49.6 I 2 Winter 
I Rose / II I Rose 3 McIntosh 41.1 / 3 Red 
I I I Aberdeen 4 Red 35.4 I 4 McTntosh Aberdeen I I 
5 Charlamoffl 30.0 I 51 Charlamoff 
I I II I 
50.8/1\ 
47.5 I 21 
47 .2 1 31 
41.9 11 41 
II I 
41.1 11 51 
II I 
Giant 
Geniton 
Stayman 
Jonathan 
Champion 
I 84.3\1 1\ 
82.21 2 
81.211 31 
79.11 1 41 
Maiden 76 .61 5 
Blush II I Arkansas 75.0 I 6 
Beauty 
Arkansas 72.4 /1 7 
Black I 
Yellow 166.8 11 81 Transp't I 
King DaVid I56.5\1 91 
Winesap !)5.5 110 
Arkansas 50.311 
Charlamoff 
Hibernal 
Red 
Aberdeen 
McIntosh 
Winter Rose 
II 
II 
111.° 11 11 
96.6/1 2 
I I 
95.011 31 II I 89.91 41 
7761 1 51 
II I 
Stayman 
Jonathan 
Arkansas 
Black 
Sweet 
Bough 
Maiden 
Blush 
Arkansas 
(3.5mm) 
Giant Geni-
ton (3mm) 
Yellow 
Transpa't 
(3.5mm) 
King David 
(3mm) 
Champion 
(3.r,mm) 
Winter 
Rose 
Hibernal 
155.7111 
107.9 I 
II 
150.8 11 
105.3 11 
80.11 1 
75.5 1 
II 
72.4 q 
70.4 1 
68.3 
""i 
\
140.3 11 
II 
130. II I II McIntosh 102.811 
Red Aber- I // deen 97.6 
McMahon 91.411 
II 
Compression T ests 
Green Wood II Dry Wood 
(No Test) 
(No Test) 
~ 
II ~I Variety 
1 ~ 
I 
II 
3 
5 
6 
7 
Giant 
Geniton 
Jonathan 
Arkansas 
Beauty 
Arkansas 
Black 
Stayman 
(3.5mm) 
Arkansas 
(3mm) 
Champion 
(3 .5mm) 
King David 
(3mm) 
Sweet 
Bough 
II 11 Mcintosh 
II 2 Red Aber-I deen 
I 3 ""-inter II Rose I 4 Hibernal 
II I {Charlamoff II [. Northern 
II Spy 
I tJi~ .00-;-.1P< 
1
25.7 
23.1 
21.3 
21. 
20.3 
20. 
19.2 
18.5 
15.4 
26.7 
25.7 
23.3 
21.5 
20.5 
20.5 
f-' 
0';> 
If>. 
61 Ribernal I 37.8 II 61 Windsor 
I II I (2mm) 7 McMahon I 25.4 I 
I I II I 
I 35.4 11 61 
[ /1 71 
Windsor 
(2.5mm) 
McMahon 
59.111 61 
52.7 11 71 
Charlamoff 
Windsor 
(2 .5mm) 
84.8 1! 
56.511 
II 
11 61 McMahon 120. 
E. - MATERIAL FROM SITKA. ALASKA 
11 Malusrivu- 100.2 
I I I 
Malus rivu-
76.01/ 1 11 Malus rivu- 1102.7 11 I I 
Patten 
1111. 5 11 
(No Test) 
II ~ I Patten 31.3 
21 
laris form laris form laris form II (3.5mm) (2 .5mm) (3.5mm) 
30.8 1 21 I Ii Ii I 
Malus rivu- 26.2 
Red .June 40.9 I 2 Patten Patten I 75 .4 // laris form 
:1 
Raspberry 27.4 (2mm) I 3/ Raspberry I 64 .2 (2.5mm) Patten 22.6 I II 4 Red .June 1 63.7 11 
I II (2.5mm) II 11 51 III Oldenburg I 21.0 I Oldenburg 25.7 1 I (2mm) I I (2.5mm) I I II 
F. - MATERIAL FROM COLLEGE PARK, MARYLAND 
11 Grimes I 30.5 1/ 11 Grimes =--=-=-C:I =;4""9.';;3"'11-=71;-:1 ::';O"'I (""le'::'::'bC-U~l'g-TI1;-;1·1--;.0"'i"-/----T---'-(N=0----;'[;;-'e-:-s--;.t') ----'-------CI"I ---;(-;-N.,-o----;;'I~'e-s-;-t.,-) ---;I·I---,---;(N=-o----;'I;;-'e s--;t')----;---I I I II 21 Grimes 83.51 I 
G. - MATERI AL FROM PULLMAN, WASHINGTON 
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21 Oldenburg I .6.4 1 2 O ldenbUl'g I 4s.8 1 21 Gl'lmes I 77.1 11 21 Grim es 1114.61 I 2 .Jonathan 22.1 
• Hibernal I 33.6 3 Hibernal I 46.2 :1 Hibe l'nal I 67 .SI1 ~ Ribel'nal 1106.9 11 II . 1 Grimes 21.5 
4 .Jonathan 28.5 I 41 .Jonathan I 359 11 41 .Jonathan I 62.7 11 4 .Jonathan 93.:' I II 4 Ribe"nal 19. 
H. - MATERIAL FRO,{ COLUMBIA, MISSOURI 
1/ Winesap I 49.3 II 1 / A lexander 1 72.9 /1 11 .Jonathan 94.011 11 .Jomtthan I11S.7 11 (No Test) II l ' 
2 Oldenburg 1 31.7 II 2 Arkansas 56.5 I 21 Arkansas 78.1 ' 21 vVinesap I 95.6 11 II 2 
/ /1
1 I I I 1 I II I 3 {ArkanSas 28.7 3 Delicious I 46.2 11 3 A lexander 67.8 11 3 Alexander I 92.5 /1 II 
Alexandel' 28.7 (2mm) II I (3 .5mm) I 
41 D. elicious / 25.4 1 41 .Jonathan 1 40.0 11 4 / "W inesap 57.,, /1 4 Oldenburg 1 54.9 11 II 4 
(2.fimm) I / II / I I (~mm) II 1/ 51 
GI Oldenburg I .4.9 11 61 V e licious .i.2 11 II II I " / .Jonathan 1 24.~ I !) Winesap 3~.!) 11 fi OI(leniJurg' ,,1.9 11 I I II I (j 
I I I I (3mm) I II I (2.5mm) II I II II ! 
r. - MATERIAL FROM BOZEMAN. MONTANA 
I I Oldenburg I 31.8 II 11 McMahon 54.9 '1 I I Ribel'nal I 88.4 11 11 Ribernal 1111. II 
2 Yellow I 30.8 1/ 21 Oldenburg 49.8 /1 2 Gano 77.1 11 21 Gano 105.3 11 
I 'J'ransp't I / I I / I I / I 
I I I II I II 31 Ribernal 29.8 II I II :) 1 Y.ellow I :'9.9 11 31 Yellow 104.3 11 
I II I Tmnsp't I II 'l'ranspa' t I 
41 McMahon I 29.5 II I II 41 lVrcMahon I !)6·!) 11 41 Me'Mahon I 80.1 I 
I I II II " I Old e nbu rg I 50. 811 I (3mm) I II 
(No Test) // ~ I 
II I 
II 31 
II 41 
II 51 
Oldenburg 
Alexander (3mm) 
Arkansas 
.Jonathan 
'Vinesap 
J)elicious 
(:J..Gmm) 
Oldenburg 
Yellow 
Transpa't 
(3.5mm) 
Ribernal 
Gallo 
McMahon 
26.4 
24.9 
23.6 
23.1 
21.3 
21. 
22. 8 
21. 
20.8 
18.5 
17.9 
f-" 
m 
01 
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While these data are not sufficient to prove that under com-
parable conditions Delicious always has harder wood than Jon-
athan, yet in these tests this was found to be true. Some hold 
that Delicious is somewhat hardier than Jonathan, but opinions 
differ on this point and further testing is needed to decide it. 
STAYMAN VS. WINESAP 
Cutting Test. Lbs. Compression Test. Lbs. 
Green [ Dry Green 
[ 
Dry 
Stayman, from Arkansas 53.4 7l:"9 82.2 155.7 
Winesap, from Arkansas 23.8 30.8 55.5 No Test 
The twigs of the Stayman proved almost twice as hard as those 
of the Winesap. Stayman is better adapted than Winesap to 
succeed under northern climatic conditions. This comparison 
indicates pretty strongly a relation in these varieties between 
hardness and hardiness. 
In some cases other hardy varieties, such as Hibernal, show a 
hard wood in the compression test. In the cutting and penetra-
tion tests, however, Hibernal runs lower than the average. The 
Patten gives results about the most consistent with the suggested 
theory of any hardy variety tested, showing a hard wood in all 
tests. Eastman, which is hardy, also gives consistent results. 
Jonathan shows a rather soft wood in the cutting and penetra-
tion tests, but about the average hardness in the compression 
test. 
Although more or less variation in wood is seen in the majority 
of varieties, the results in the main seem to indicate that with the 
apple there is some correlation between hardness of wood and 
the hardiness of the variety. 
GREEN WOOD VS. DRY WOOD 
It is difficult in some cases to get the same relative results from 
the green and dry wood. In the compression test the Charla-
moff proves very hard when green, but very soft after drying 
out. In the majority of cases, however, the results with the 
green wood tests check up quite closely with those with the dry 
,,·ood. 
INFLUENCE OF LOCALITY 
A comparison of wood of the same variety from different sec-
tions of the country shows some negative results. The Raspberry 
cions from Sitka, Alaska, proved much softer than the average 
of other varieties. No twigs of this variety from other sources 
wer e available for comparison. Other cions obtained from Alaska, 
including a form of species Maltw; rivnlaris and the varieties 
Red June and Patten, showed hard wood. This was very no-
ticeable with the Malus 1'ivnlaris. Certain other varieties, how-
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CUTTING TESTS 
Fig. 4. Varieties contrasted graphi cally as to hardness of twigs. 
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ever, obtained from Ottawa, Canada, where the temperature falls 
much lower than at Sitka, proved softer than the same varieties 
from Iowa or even further south. Hence, it is impossible to con-
clude that the farther north a variety is grown, the denser the 
wood. At least if this is true, it is not shown by the results ob-
tained. In getting samples, however, from different sources 
there are always many variables to encounter, such as the age 
and condition of the tree from which the cions are taken, the 
manner of packing, differences in vigor and size of cions, and 
possibly the relative humidity of the climate. 
The general trend of results obtained from nearly two thou-
sand individual tests leads to the belief that there is a rather 
close correlation between hardness of wood and the ability to 
withstand cold. On the other hand, the variation in some cases 
is so great that it would hardly justify stating this conclusion as 
a hard and fast rule. 
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Fig, 10, Varieties con trasted graphically as to hardness of twigs . 
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Spccific Gravity Tests 
Whether any correlation exists between hardness of wood and 
hardiness was also investigated from the standpoint of specific 
gravity. 
Patrick 1 made a preliminary test along this line nearly twen-
ty-five years ago, using four varieties of apple cions, Oldenburg, 
Borovinka, Ben Davis and Boiken, the first two being regarded 
as hardy and the latter as non-hardy varieties. The results were 
as follows: 
I Oldenburg I Borovinka I Ben Davis I Boiken 
Sp. Gr. I 1.077 I 1.025 I 1.032 I 1.031 
These figures merely suggest that the specific gravity may be 
an efficient means of determining wood structure. 
In the tests that were made in the investigation reported 
in this bulletin, dropping sections from the cion into various 
strengths of alcohol was first tried. This method failing to give 
results of value, the chemical balance was used. Because varia-
tion in moisture content would be a disturbing factor, it was 
necessary to use perfectly dry twigs and weigh them in some 
liquid which they would not readily absorb. Castor oil was de-
cided upon for this purpose. Its use increased the work, as the 
specific gravity of the oil had to be obtained first and then the 
specific gravity of the twig figured out upon the water basis. 
At 24° C. the oil gave a reading of .9590. For each degree 
higher or lower the factor .0006 was subtracted or added. Thus 
with a specific gravity of .9590 at 24° C., the specific gravity of 
25° C. would be .9584; at 23° C .. 9596. 
It was necessary to attach a weight to the t"'igs in order to 
sink them in the oil, a small glass rod being used. This involved 
the formula somewhat for finding the specific gravity, hence an 
example is given below: 
Wt. of rod in oil. . . . . . . . . . . . . . . . . . . . . . . . . . . .. .9744 gr. 
Wt. of rod and twig in oil. . . . . . . . . . . . . . . . . . .. .9332 gr. 
Loss in weight due to twig ...... ' . ... ......... 0412 gr . 
. 0997 gr. (wt. of twig in air) _ ""0'"'5 ( . "1 300) 
.0412+.0997 (wt. oftwig in air) - . (( sp. gr. 111 01 at 
Finding of specific gravity at 25° 
Sp. gr. of twig : Sp. gr. of oil :: X : Sp. gr. of oil 
in oil 30° C. at 30° C. 25 ° C. 
(.7075) (.9960) (.7097) 
Finding the specific gravity as compared with water. 
Sp. gr. of oil : Sp. gr. of water :: Sp. gr. of twig : X 
25° C. 25° C. in oil 25° C. 
(.9596) (.9960) ( .7097 ) 
X= .7366, which is the specific gravity in water at 25° C. 
1 Bull . l a. Agr. Exp't. Sta. 4: 102-103 (1899). 
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In each test sections about two inches in length were cut from 
the base of the new wood from two or more twigs. After drying 
to practically constant weight at 85 0 C. in a self regulating elec-
tric oven, the bark was removed and the twigs weighed in air. 
A silk thread was immediately looped around the twigs, the glass 
rod inserted in the bundle and the whole weighed in the oil. 
The weight of the thread was considered as negligible; moreover, 
the same thread was used for the great majority of the tests. 
Table II shows the results of the first set of experiments. 
In the following tabulation varieties from the same source are 
arranged in the order of their specific gravity: 
Sitka, Alaska 
1. Patten 
2. Malus Rivularis form 
3. Oldenburg 
4. Raspberry 
5. Red June 
Ottawa, Canada 
1. Winter Rose 
2. McIntosh 
3. Red Aberdeen 
4. McMahon 
5. Charlamoff 
6. Hibernal 
7. Windsor 
Bozeman, Montana 
1. Oldenburg 
2. McMahon 
3. Gano 
4. Hibernal 
5. Yellow Transparent 
Charles City, Iowa 
1. Patten 
2. Malinda 
3. Tolman Sweet 
4. Longfield 
5. Eastman 
6. Anisim 
7. McMahon 
8. Oldenburg 
9. Wealthy 
10. Charlamoff 
11. Fameuse 
12. Hibernal 
.9329 
.8746 
.7778 
.7641 
.7507 
.8965 
.8457 
. 8305 
.7965 
.7940 
.7422 
.6480 
.8976 
.8720 
.8392 
.8095 
.7237 
.9260 
.8499 
.8427 
.8249 
.8095 
.7988 
.7065 
.7939 
.7928 
.7925 
.7717 
.7587 
Ames, Iowa 
1. Delicious 
2. Oldenburg 
3. McIntosh 
4. Wealthy 
5. Grimes 
6. Jonathan 
7. Iowa Blush 
8. Hibernal 
9. Ralls 
10. Winesap 
11. Gano 
12. Baltimore 
Pullman, Washington 
1. Olden burg 
2. Grimes 
3. Jonathan 
4. Hibernal 
Columbia, Missouri 
1. Winesap 
2. Delicious 
3. Oldenburg 
4. Alexander 
5. Jonathan 
6. Arlmnsas 
College Park, Maryland 
1. Oldenburg 
Fayetteville, Arkansas 
1. Champion 
2. King David 
3. Arkansas Beauty 
4. Yellow Transparent 
5. Jonathan 
.8509 
.8491 
.8457 
.8430 
.8358 
.8070 
.8014 
.7887 
.7695 
.7623 
.7576 
.7483 
.9566 
.8876 
.8121 
.7965 
.8340 
.8317 
.7529 
.7203 
.6956 
.6503 
.8828 
.9086 
.8969 
.7460 
.6933 
.6920 
'l'hese figures show Anisim and Charlamoff, two hardy sorts, 
to have a specific gravity slightly below the average of the vari-
eties tested. Hibernal gives a low test; Oldenburg is quite vari-
able. These results will not permit of the conclusion that the 
hardier varieties have the harder wood and hence the greater 
specific gravity. They do show, however, a very close correlation 
between specific gravity and hardness of wood. Among the 
hardy varieties giving a high specific gravity are Patten, Malin-
da and Winter Rose and the forms of lI1altts 1"ivnla1·is. But on 
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TABLE II. SPECIFIC GRAVI'l'Y OF DRY WOOD 
Variety P lace Where Grqwn 
I 
Alexander /Columbia, Missouri 
Anisim I . ICharles City, Iowa 
Arkansas IColumbia, Missouri 
I 
Arkans. Beauty IFayetteville, Arkansas I 
Baltimore lAmes, Iowa 
Champion IFayetteville Arkansas l 
lottawa, Canada 
\ 
I Charlamoff I 
IChal'les City, Iowa 
1 
Ames, Iowa 
Delicious 
Columbia, Missouri 
Eastman \Charles City, Iowa 
I 
Fameuse iCharles City, Iowa 
Gano 
lAmes, Iowa I 
IBozeman, Montana 
I 
1 
Ames, Iowa 
Grimes 
Pullman, Washington I 
lo ttawa, Canada 1 
Ames, Iowa 
Hibernal Charles City, Iowa 
I 
IBozeman, 
I 
Montana 1 
Ipullman, 
1 
Washington 1 
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.09971.9332\ .7075130 1.7097 1. 73661 
.1228 .9045 .6372/30 .6390.6632 
.1425 .9220 .7311 30 .7333.7611.7203 
.2731 / .8716/ .7279126 1.7283 1.7559/ 
.2538 . 9340.8626126 / .86311.8958 
.1813 .9023 .7154 30 .7176.7448.7988 
.2804/.8538/.6992/24 /.6987/.7252/ 
.1741 .8347 .5548 24 .5544 .5754.6503 
.28251 .8627 1.7166 130 1.71881.74601 
.37471.81401.7002126 1. 70061.72711 
.4017 .8340 .7410 26 .7414.7695.7483 
16421 95101 8752125 51 87541 90861 
.2200 \ .89481.7346 /30 1.73691.7648 
.2142 .9028 .7494 30 .7522.7807 
.2510 .9140 \ .8060 25.5 .8062.8367 .7940 
1 1 I . 231l8945 . 7432 30 .7422.7703 
.2241 . 89117299 30 .7321.7598 
.3218 .9115 .810529 .8167 .8476 .7925 
32 
.77571.8051\ 
.4517 .8622 .8012 32 .8047 .8352 
.37141.86501 . 7724 
1. 3110 .79001.8766 30 .8793/ .9126/.8509 
.1521 1.9343 .7913 26 .7917 .8217 
.2840 \. 88131 .7557 126 
.2342 .8945 .7456 26 
.5134 1.8732 .835330 
.2022 / .9030 / .7390132 
.1905 .8900 .6920 32 
2718 9035 7942 28 
. 27401 .86421.7157\26 
.4324 .8238.741630 
. 273l89201' 7686 25.5 
.3510 .9105 .8483 125 .5 
1
.7561 1.78471 
.7460 .7742 
.8379 .8696 .8095 
/
.7401 / . 7681 1 
.6950 .7213 
7957 8258 7717 
.7161 
.7432/ 
.7439 .7721 .7576 
.7688 .79791 
.8485 .88061·8392 
.222l914l7875132 I· 7909 .8209 
.1326 .9420 .8036 32 .8071 .8377 
.2708 .9135 .8164 \27.5 \. 8180 .8490 .8358 
. 26221.93001.8551 25.5 1.8552 .8876 
.40001.7937 \ .6888 24 .6883 .7144 
.2043 1.8815 .6874 24 .6869 .7129 
.34951.8700\.7699 25 .5 .7701 .7993 .7422 
. 23181 . 90001.7570 32 .7603 .7891 
.2707 .8815 .7444 32 .7473 .7756 
.2106 . 9122 .7719 127.5 .7723 .8015 .7887 
."" ."001..,,'1" .8428 .8747 
.7525 . 63416887 26 .6891 .7152 
.5114 .7120 .6608 26 .6612 .6862 .7587 
.29201.9015.8002125.5 . 8004 .8307 
.28121.90201.7952 25 .5 .7954 .8255 
.18431.91101.7440 125 .5 .7442 .7724 .8095 
.2916 .8350 .6765 /3 2 
. 6794 1.70511 
.21201. 9204 1.7969 32 .8004 .8307 
.32031.904 51 .820828 .8227 .8539 .7965 
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I A~l1es, .53331.78491.7378132 1.74141 .76951 Iowa Blush Iowa .6112 .8213 .7996 32 .8031.8335 
.2749 8932 7719 25 5 7721 8013 8014 
Fayetteville, Arkansas .1616 .8936 
.6666/25.5 .6668 .6920 
.2040 .9335 .837032 .8406 .8724 
Anles, Iowa .2300 .8927 .737832 .7414 .7695 
.1841 .9126 .7486 30 .7509 .7793 .8070 
Jonathan IColumbia, Missouri .0612 .9400 .6391 32 .6419 .6662 
\ 
.0727 .9426 .6956 32 .6986 .7250 .6956 
Ipullman, 
.1914 .90301.7283 32 1.7315 .7592 Washington .1907 .8935 .7021 32 .7051 .7318 
.21051·95381 . 9108 25 .5 .9110 .9455 .8121 
,. I'-lIlg DavId IFayettevIlle, Arkansasl .27301 · 93101 ·8628128 1.86421.89691 
, I .24321.93181.8650129 ,.86711.89991 Longfield Charles Ci ty, Iowa I .1203 .9310 .7348 24 .7343.7621 
.3342 .8822 .7837 24 .7832.8129.8249 
I 1.29391.95001.9233130 1.92611.96121 Malinda ICharles City, Iowa .3145 .9133 .8373 30 .8399 .87171 
.31121.8844 .775624 .7751.8045 
.6607. 84441.735024 .7345.7623.8499 
~M""a-;-l-u-s ~R""'i~v-u""la-I-;-'i s-+/ S"'i7'tk;-'a-'~A:-;I-a~sl;-<a----/:------,.1'-;5'"'2"'"21: . 9530/. 8767132 1.88051.91381 
McIntosh 
McMahon 
Oldenburg 
Ottawa, Canada 
lAmes, Iowa 
IOttawa, Canada 
ICharles City, Iowa 
IBozeman, Montana 
Sitka, Alaska 
Ames, Iowa 
I 
ICharles City, Iowa 
COlumbia, Missouri 
IBozeman, Montana 
I 
1 
II 
2910 9038 8047125 5 8049 8354 8746 
.2230 .91221.7819126 .7823/ . 8119 
.4140 .8832 .8194 26 .8198 .8508 
.2330 .9308 .8428 25.5 .8426 .8745 .8457 
.1618 .9045 .6983 25.5 .6985 .7249 
.2514 .8925 .7542 25.5 .7544 .7830 
.2410 .9133 .7974 30 .7999 .8302 .7793 
. 213l89291.723226 .7236 
.
75101--
.1704 .89351 . 678026 .6784 .7041 
.2110 .95101.9001 26 .9005 .9346 .7965 
.38321.80471.693026 .6934 .7197\ 
.39451.8315 .7340126 
.7344\.7622 \ 
.76071·77151·7883130 .7907 .8206 .7675 
.26401.92451.8410129 1.84311.8750[ 
.04391.95221.6641126 .66441.6896 
.0721 .9600\.8335 29 .8345.8661.7778 
.29051 . 96101.9559125.5 .9561 .9923 
.31371 .88221.7728124 . 7723 1' 8015 
.29231 .8645 .7267124 .7262.7537.8491 
.31201.83151.6858 32 .6888 .7149 
.24291.93201.8396128 1. 8411 .8730 .7939 
.1223\.93151.7403126 1.7407/1.768711 
.20121 .89221.7099126 .7103.7372.7529 
.2738 .9415 .8927125.5 .89291.92671 
.3145 .91301.8366125.5 .8368 .8685 .8976 
Pullman, Washington .4826 .9020 .8693125.5 .86951.90241 
I .38281.96401 . 9735 125.51.9738 11.01071.9565 
College Park. MarYI'd\ .24061 .93201 .8501126 1.85061 I 
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ISitka, Alaska .1343 .9600 .9031 32 .9070 .9414 
.1012 .9615 .8869 32 .8907 .9244 .9329 
Patten 
ICharles City, Iowa .3620 .9300 .8907 25.5 .8909 .9246 
.5106 .9135 .8934 25.5 .8936 .9274 .9260 
Ralls lAmes, Iowa .27971.89001.7681124 1.76761.79671 
.3515 .8600 .7544 24 .7539.78241.7695 
ISitka, Alaska 
.1145/ .9340/.7391132 /.74231.7704/ 
.0810 .9440 .7271 32 .7302.7578.7641 
Raspberry 
Red Aberdeen 1 Ottawa, Canada .13461.9325\.7626132 \.76581.79491 .2428 .9015 .7690 32 .7723.8015 
.2005 .9420 .8608 28 .8624.8951.8305 
Red June ISitka, Alaska .06081.95121.72381 24 1. 72331. 7507T 
Tolman Sweet ICharles City, Iowa .3750\.9028\.8394127.51.84101.87291 .3446.8820.788532 .7919.8219 
5923 8135 7996 32 8031 8335 8427 
.23161.93301.8483 26 .8487 .8808 
Ames, Iowa .2604 .9225 .8363 26 .8367 .8684 
Wealthy 
.2204. 9OOl7496 29 .7514 .7799 .8430 
Charles City, Iowa .28441.8923 .7759 24 .7754 . 8048 
.3143 .8712 .7528 24 .7523 .7808 .7928 
- /o ttawa, Canada I .09331 .92401·6492124 /.6487/.6733/ 09021 9144 6005 24 6000 6227 6480 Wmdsor 
.4322 .8208 .7377 32 .7409 .7690 
Ames, Iowa .4125 .8545 .7747 32 .7781 .8076 
.4335 .7726 .6823 30 .6845 .7104 .7623 
Winesap 
.1534 .9210 .7417 32 .7449 .7631 
Columbia, Missouri .3549 .8312 .7920 32 .7954 .8245 1 
.1600 .9525 .8796 29 .8811 .91451·8340 
Wmter Rose 'Iottawa, Canada / .2831/.9312/.8676/25.5/.8678/ .9007/ 2615 9318 8599 25 5 8597 8923 8965 
Fayetteville, Arkansas .0912 
.9228/.6389124 .6384 .6626 
.1229 .9213 .6982 24 .6977 .7241 .6933 
Yellow Transp't 
.2239 
.8700/ .6819 32 .6848 .7107 
Bozelnan, Montana .2337 .8926 .7407132 .7439 .7721 
1 .1729 . 8820 .6517 30 1.65371. 6784 .7237 
the other hand the less hardy varieties, Grimes, Champion and 
King David, are also high in specific gravity. They also proved 
to have a hard wood. The same relation as shown between De-
licious and Jonathan in the mechanical test holds true here. 
Unfortunately, no Stayman twigs were tested for specific gravity 
to compare with Winesap. 
Table III shows the results of tests made November 29, 1912, 
with cions cut from the nursery trees referred to. Since these 
trees all grew under the same field conditions, the comparison is 
perhaps a little more accurate. 
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'I'ABLE III. SPECIFIC GRA VI'l'Y TESTS OF S'l'ATION NURSERY 
TREES 
Variety 
Anisim 
Ben Davis 
Black Annette 
Delicious 
Gano 
Grimes 
Hibernal 
Ingram 
Iowa Blush 
Jonathan 
Lansingburg 
Malus Ioensis form 
McTntosh 
Minkler 
Oldenburg 
Patten 
Ralls 
Roman Stem 
Silken Leaf 
Soulard 
Virginia Crab 
Walbridge 
Wealthy 
Winesap 
Wt. of twig I Wt. of twig I 
in air and glass in 
(gr ) oil (gr) 
2.9115 1. 4000 
3.2435 1. 0500 
3.0905 1. 3300 
2.5000 1.3810 
2.7018 .5070 
4.2042 1. 2300 
4.3635 1. 0000 
2.7195 1.3820 
2.5195 1.4200 
2.9140 1. 2000 
2.3320 1.5000 
2.8240 1.2775 
2.5620 1. 2840 
2.8435 1.3700 
2.7615 1.4635 
3.9315 1. 4000 
3.3620 1. 3650 
2.3330 1.5200 
3.4105 
I 
1. 2000 
3.3300 1. 4300 
3.3413 1. 2000 
2.7290 1.3900 
3.4910 I 1.2990 3 .6300 1.0900 
Sp. gr. 
in oil 
25 ° C 
.9063 
.8330 
.8930 
.8868 
.8524 
.8944 
.8617 
.8953 
.9010 
. 8792 
.9210 
.8698 
.8562 
.8960 
.9214 
. 9291 
.9256 
.9289 
.8721 
.9250 
.8721 
.8979 
.8969 
.8561 
Sp. gr. 
in water 
25° C 
.9406 
.8645 
.9250 
.9204 
.8847 
.9312 
.8943 
.9292 
.9351 
.9125 
.9559 
.9027 
.8782 
.9299 
.9573 
.9643 
.9610 
.9641 
.9061 
.9600 
.9051 
.9319 
.9309 
.8885 
Here Anisim stands above the average in specific gravity. De-
licious drops slightly below the average but not so low as Jona-
than, so that the relation between these two varieties still re-
mains unchanged. Oldenburg and Grimes are still high, just as 
in the former test where the cions were taken from the orchard. 
W ealthy and Winesap also hold the same relative positions. 
'l'his would tend to show that the specific gravity of twigs of the 
same variety from any certain locality is fairly constant, al-
though a marked difference is seen in the same variety from dif-
ferent places. This might naturally be expected because getting 
twigs from different sources admits of variation in many ways. 
It is worthy of note that there is much less variation among the 
twigs cut from the nursery planted on experiment station 
grounds than among those shipped in. 
With such hardy sorts as Anisim, Oldenburg, Patten and Sou-
lard running above the average and the less hardy Ben Davis, 
Gano and Jonathan below, it would be very easy to conclude that 
there is a definite relation between the hardiness of the variety 
and specific gravity. But since, on the contrary, such hardy 
kinds as Hibernal, McIntosh, Malus ioensis (which is the native 
crab species), Silken Leaf and Virginia crab have low specific 
gravities, it is impossible to draw any definite conclusions in this 
regard. 
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SUMMARY 
These investigations on the correlation of density of wood with 
hardiness lead to the following conclusions: 
1. The cutting, compression and penetration tests seem to in-
dicate some correlation between hardiness and hardness, but ex-
ceptions were found. 
2. Twigs from northern sections, except forms of Malus 1-iV11r 
laJ'is, Red June and Patten, were no harder than twigs from 
Iowa and further south. 
3. Specific gravity tests of dry wood showing density corre-
sponded very closely with the mechanical tests showing hardness 
indicating that the two tests are fairly accurate means to the 
same end. 
4. Variations in the specific gravity of twigs of the same va-
riety from different sources were noted, as was also the case in 
the mechanical tests. Twigs of the same variety from the same 
source gave quite uniform results. 
5. The specific gravity of twigs varies to some extent depend-
ing upon what part of the twig is used. The tenderer varieties 
which naturally mature a little later in the summer gave the 
greatest specific gravity a short distance back of the tip while 
earlier maturing varieties increased in specific gravity in pro-
portion to the distance from the tip. As the tests were made in 
July this difference is in all probability due to the difference III 
the maturity of the twigs used. 
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Fig, 14. Varieties contrasted graphically as to density of twigs. 
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CORRELATION OF MATURITY AND WATER CONTENT 
WITH HARDINESS 
jJ.J ahl1'ity 
It is well established that maturity bears quite an important 
relation to hardiness. The degree of maturity is generally easily 
recognized by the external appearance of the twig, the relative 
time during the season at which it ceases its growth in length, 
and the time at which the leaves fal l. According to Speer 2 and 
Halsted :3 the amount of stored food is also an indication of ma-
turity. 
In the First Annual Report of the Colorado Experiment Sta-
tion, published in 1888, Cassidy, after giving phenological notes 
on a number of varieties of apples, pears and other trees, draws 
the conclusion that long retention of leaves in the fall indicates 
in a variety the need of a longer growing season. But some of 
the Russians as well as other varieties retain their leaves quite 
late in the fall and yet are sufficiently hardy to withstand a low 
drop in temperature. In general, the hardiest varieties mature 
their leaves earliest in the fall. It is pointed out, hOlyever, that 
the age of the tree, its location and the conditions under which 
it is growing will have much to do with the time of leaf maturity. 
Charles G. Patten of Charles City, Iowa, who is regarded as a 
very careful observer, says that as a rule he has found early 
maturity indicative of the ability of the trees to ,yithstand cold, 
although this is not true in all cases. 
Macoun,4 after 19 years' experience in search of a hardy win-
2 Bull. la. Agr. Expt. Sta. 3: 50. 1888. 
13 BUll. la. Agr. Expt. Sta. 4: 121. 1889. 
4 Report of the Hortic ulturist, Central Exp't Farm, Ottawa, Can. 1904: 109. 
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tel' apple for Canada, states that a tree or shrub that will with-
stand a test winter at Ottawa must be one which ripens its wood 
early. He further states that the most of their hardy varieties 
ripen their fruit by early fall, thus correlating the early matur-
ity of the fruit with that of the tree. 
The relation of early maturity to hardiness is further brought 
out by Emerson 5 with this additional fact that some plants are 
constitutionally hardier than others of the same degree of ma-
turity. 
Phenological notes, taken on nursery and orchard trees, show 
the different times at which different varieties form their ter-
minal buds. These data are presented in Table IV. 
TABLE IV. DATE OF FORMING TERMINAL BUDS 
Variety I Nursery I Orchard II Trees Trees Variety I 
Nursery I Orchard 
Trees Trees 
Anisim Sept. 5 Minkler 
Ben Davis Sept. 27 July 1 Mclntosh Aug. 28 
Black Annette Sept. 20 Oldenburg Aug. 20 July 1 
Delicious July 22 P a tten July 1 
Gano Sept. 27 July 10 Roman Stem 
Grimes July 15 Salome Aug. 20 
Hibernal July 25 July 1 Silken Leaf Sept. 1 
Ingram Soulard Aug. 20 
Iowa Blush Virgini a Aug. 20 
Jonatha n Sept. 27 July 22 Wealthy Aug. 20 July 12 
Lansingburg Winesap Sept. 5 July 22 
Where no date is given the twigs were still growing at the time of the 
first killing frost, about October 1. 
These data are too meager, yet they show a relation between 
hardiness and maturity. All of the nursery trees were later 
forming their terminals than the orchard trees. This is of course 
to be expected. 
'l'he following data for 1911, secured from Prof. W. H. Chand-
ler, formerly of the University of Missouri, show also that the 
hardier varieties mature their wood earlier. 
TABLE V. PHENOLOGICAL NOTES ON 'rHE FORMATION OF 'l'ER-
MINAL BUDS ON ORCHARD TREES, MISSOURI 
EXPERIMENT STATION 
Variety 
Anisim 
Ben Davis 
Delicious 
Gano 
Grimes 
Date Formed II 
May 19 --'I---.;cJ.,-onc-a:-;t7h-:ca.,.,.n---:-----c;J,-u-n-e-c6,----
May 27 Oldenburg May 17 
June 5 Ralls June 10 
Variety Date Formed 
June 3 I Stayman June 5 
June 12 W ealthy June 18 
With the exception of the W ealthy these figures show com-
paratively few days difference between the time of cessation of 
growth in the different varieties. 'l'he Wealthy trees under ob-
servation at the Missouri Experiment Station had not yet at-
tained full size. 'l'his no doubt explains why they did not ma-
5 Minn. Hort. Soc. Rpt. 1907: 225-231. 
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ture their wood sooner. They also received some cultivation, 
whereas the other trees were in sod. 
By taking full notes on an orchard for a period of several 
years, including both terminal buds and leaf fall, one should 
certainly get a pretty accurate idea of their habit of maturity 
and hence the ability of the trees to witbstand the ,,·inter. 
Water Content and Rate of E uapomtion 
'l'he question of maturity is very closely related to another 
important factor bearing on tbe subject of hardiness; namely, the 
amount of moisture present in the tissues. In fact the loss of 
water is the most important change which takes place during the 
maturity or seasoning of wood. Maturity in the seed involves 
storage of food material and loss of water. From the evidence 
at hand, maturity of the twig involves the same changes. Gen-
eral experience teaches that plants in active growth are much 
more easily killed by low temperatures than the same plants when 
dormant . It is also known that active growing plants contain 
relatively large amounts of water. This principle is made use 
of by the gardener in "hardening off" his plants and by the 
orchardist in sowing his cover crop. 
Shaw (I in his work on Adaptation of Apple Varieties says that, 
"different varieties of the common apple vary greatly in their 
ability to withstand minimum winter temperatures, and the con-
dition of the tree, particularly as regards moisture content at the 
time at · which the minimum temperatures occur, has great in-
fluence in determining whether the tree survives." 
This statement being true, do the more bardy varieties of 
apples contain the less water 1 Patrick 7 made a few prelimin-
ary investigations along this line but the work did not justify 
any definite conclusions. 
The following tables shoyv the results of the present investiga-
tion in this regard. 
Table VI shows amount and percentage of moisture content 
of twigs of different varieties taken July 15, 1912. r£\\,o twigs 
were taken of each variety. 
TABLE YI. MOISTURE CONTENT IN NURSERY TWIGS, JULY 15 
Weight Weight Water I Per cent. 
Green Dry lost Green Wt. 
(gr.) (gr.) (gr.) lost 
Variety 
Delicious 12.2200 4.8440 7.3560 -60:3--
Gano 9.1400 3.9032 5 .2368 57.2 
Grimes 10.3330 4.0510 6.2820 60.7 
Hibernal 9.2745 4.3100 4.9645 53.5 
Wealthy 8.5716 3.7230 4.8496 56 .5 
Winesap 8.3105 3.2900 5.0205 60.4 
It is noticeable that in these tests the hardier varieties, Hi-
bernal and Wealthy, contained the lowest percentages of mois-
(I Report Mass. Agr. Expt. Sta. 23: 181. 1911. 
7 Bull. Iowa Expt. Sta. 4: 102. 1889. 
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ture, hence they were carrying on the processes of growth with 
smaller amounts of water at that period than the more tender 
sorts were. 
Four months later, November 15, after all growth had ceased, 
more varieties were tested. Four inches taken from the tips of 
several twigs of each variety were used. The results of the tests 
are shown in table VII. 
TABLE VII. SHOWING MOISTURE CONTENT OF NURSERY 
TWIGS OF DIFFERENT VARIETIES ON NOVEMBER 15, 1912 
Variety 
Anisim 
Ben Davis 
Black Annette 
Delicious 
Gano 
Grimes 
Hibernal 
Ingram 
Iowa Blush 
Jonathan 
Lansingburg 
Malus Ioensis form 
McIntosh 
Minkler. 
Oldenburg 
Patten 
Ralls 
Roman Stem 
Salome 
Silken Leaf 
Soulard 
Virginia Crab 
Walbridge 
Wealthy 
Winesap 
Weight 
Green 
(gr) 
23.4310 
19.0320 
18 . 4100 
10.3600 
16.8490 
24.5245 
27.6200 
17.2700 
10.8900 
13.0240 
10.9500 
5.5990 
17.6490 
17.7490 
26.4000 
21. 4200 
18.7500 
16.8825 
24.5830 
16.3925 
18.7110 
23.4500 
15.9700 
20.5070 
20.0550 
Weight 
Dry 
(gr) 
11.6135 
8.6400 
8.9855 
5.1260 
7.8785 
11 .7500 
13.6920 
8.3500 
5.4070 
6.3800 
5.2930 
2.8240 
8.4200 
8.2660 
13 . 4130 
10.3800 
8.2400 
7.8135 
11.8850 
7.0145 
9.5710 
12.1400 
7.8700 
10.1190 
10.2810 I 
Water 
Lost 
(gr) 
11.8175 
10.3720 
9 .4245 
5.2340 
8.9705 
12.7745 
13.9280 
8.9200 
5.4830 
6 .6440 
5.6570 
2.7750 
9.2290 
9.4870 
12 .9870 
11.0400 
10.5100 
9.0609 
12.6980 
9.3780 
9.1400 
11 .3100 
8.1000 
10.3830 
9.7740 
I Per cent. Green Wt. 
'Lost 
50.4 
54.5 
51.1 
50.5 
53.2 
52.0 
50.4 
51.6 
50.3 
51.0 
51. 7 
49.5 
52.3 
53.4 
49.1 
51.5 
56.1 
53.7 
67.9 
57.2 
48.8 
43.9 
50.7 
50.6 
48.7 
In table VIII the varieties are grouped according to the mois-
ture content of their twigs as given in table VII. 
TABLE VIII. VARIETIES GROUPED AS TO MOISTURE CONTENT 
OF TWIGS ON NOVEMBER 15, 1912 
Below 50.5% 
Virginia Crab 
Winesap 
Soulard 
Oldenburg 
Malus ionesis form 
Iowa Blush 
Hibernall 
Anisim S 
Between 50.5% and 51.5% 
Delicious 
Wealthy 
Walbridge 
Jonathan 
Black Annette 
Patten 
43.9 
48.7 
48 .8 
49 .1 
49.5 
50.3 
50.4· 
50.4 
50.5 
50.6 
50.7 
51.0 
51.1 
51.5 
Between 51.5% and 52.5% 
Ingram 
Lansingburg 
Grimes 
McIntosh 
Above 52.5% 
Gano 
Minkler 
Roman Stem 
Ben Davis 
Ralls 
Silken Leaf 
Salome 
51.6 
51.7 
52.0 
52.3 
53.2 
53.4 
53.7 
54.5 
56.1 
57.2 
67.9 
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The moisture content, Nov. 15, is from 4 to 10 per cent less 
than that of the same variety in July. As the amount of mois-
ture decreases with the maturing of the season's wood growth, 
these results are such as would be expected. 
It will be noticed that with the exception of Silken Leaf the 
hardier sorts still contained less water than the more tender 
sorts. The margin of difference, however, is now very small. 
This is no doubt due to the fact that the more tender varieties 
have lost a larger percentage of moisture by evaporation than 
have the more hardy sorts. The figures upon which this state-
ment is based will be introduced a little further on. 
A third test to determine moisture in twigs was made on J an-
uary 15, 1913, after a week of continuous cold with a minimum 
temperature of -15°F. This gave excellent opportunity to see 
the effect of zero ·weather upon the moisture content. The re-
sults are given in table IX. 
TABLE IX. MOISTURE CONTENT OF NURSERY TWIGS, JANU-
ARY 15, 1913 
Original [ Wt. after [ Dif. in Per cent. [Average Variety Weight drying 96 Weight Original (gr.) hrs. (gr.) (gr.) Wt. Lost 
1 Anisim 3.2450 1. 8940 1.3510 41. 6 
3.3000 1.9190 1.3810 41.8 41. 7 
2 Ben Davis 4.2780 2.0923 2.1857 51.0 
3.9650 1. 9475 2.0175 50.8 . 50.9 
I 
3 Black Annette I 2.9990 1. 5895 1. 4095 46.9 
I 3.2900 1. 8085 1. 4815 45.0 45.9 
4 Delicious I 2.0500 1.1270 .9230 45.0 
I 1.5720 .9430 .6290 40.4 42.5 5 Gano 2.9100 1. 6225 1 .2875 44.2 
I 2.9300 1. 6235 1.3065 44. 5 44.3 
6 Grimes I 3.1250 1.8105 1.3145 42.6 
I 3.0120 1.6672 1.3448 44.6 43.6 
7 Hibernal I 2.6950 1.4275 1. 2675 47.0 
I 2.7580 1. 4700 1.2880 46.7 46.8 
8 Minkler I 2.9500 1.6042 1.3458 45.6 
I 3.4800 1.8575 1. 6225 46.6 46.1 
9 McIntosh I 3.2540 1. 7445 1.5095 46.3 
I 4.0810 2.1950 1.8860 46.2 46.2 
10 Wealthy I 2.7260 1.5070 1.2190 45.0 
I 2.8130 1.4030 1. 4100 50.1 47.5 
I· 
Comparison of these figures with those in the previous table 
shows that without an exception the moisture content was low-
ered from 4 to 9 per cent. This can be explained in no other 
way than by the accepted fact that freezing is a drying process 
and that the influence of cold is very similar to that of drought. 
In fact when cutting the twigs for this test the wood seemed to 
have the appearance of being more or less dried. 
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Goodale 8 says, " The destruction of many plants by exposure 
to the many influences of a variable winter is sometimes attri-
buted to the injurious effects of drying winds rather than to 
cold alone." 
Howard 9 also says: "It is popularly supposed that drying 
is very similar to freezing as both remove water from the plant 
body and the latter at least quickly condenses the cell sap. 
Freezing according to Molisch,'o Metz 11 and Pfeffer,' 2 forces the 
moisture out of the cells in the form of chemically pure water, 
leaving all of the salts behind." 
In the amount of water contained in the hardy and t ender 
varieties, the hardy Anisim contained the least. Delicious ranked 
next. Hibernal and W ealthy were the only very hardy varie-
ties containing higher percentages of water than some of the 
tenderer sorts, these varieties losing but a very small percent-
age of their water content during the zero weather. In fact, 
if comparisons can be made, Hibernal lost only 6.7 per cent of 
its total weight aiter July 15, the time of the first test. Gano 
and Grimes lost much more as the curves in chart show. 
Table X gives the data from tests of the hardy Hibernal and 
Wealthy as compared with those from the less hardy Delicious, 
Gano, Grimes and Winesap. The moisture content is shown on 
the basis of the percentage of water evaporated in drying the 
fresh twigs to constant weight. Note that the figures in the 
third column were obtained from material taken before the com-
ing of zero weather while those in the fourth column are from 
material taken less than three weeks later but after a week of 
zero weather. 
TABLE X. SHOWING MOISTURE LOST BY TWIGS ON DIFFER-
ENT DATES 
V a rieties 
Delicious 
Gano 
Grimes 
Hibernal 
Wea lthy 
Winesap 
l One I Sample, July 15, 
1912 
I 60.3 
I I 
57.2 
60.7 
I 53.5 56.5 I 60.4 
* Not d etermined. 
One 
Sample. 
Nov. 15, 
1912 
50.5 
53.2 
52. 0 
50 .4 
50.6 
48.7 
** Decrease July 15th to Dec. 28 th . 
I Avg. two I Sa mples, Dec. 26 - 28, 
1912 
50.5 
51. 2 
57. 7 
52.0 
51. 0 
45. 7 
Avg. two 
Sa mples, 
J a n. 15, 
1913 · 
42 .5 
44.3 
43 .6 
46 .8 
47.5 
* 
Decrease 
July 15 
to 
J a n 15 
17.8 
12.9 
17.1 
6.7 
9.0 
14.7** 
Tables XI, XII and XIII present additional data relative to 
the percentage of moisture content of twigs and the rate of evap-
oration. The total water content of the twig was computed after 
drying 120 hours. The weight was practically constant after 
8 P h ysiological Botany, 471. 
9 Howard, W. L. R esear c h Bull. Mo. Expt. Sta. 1. 1910. 
10 Moiish , Hans. Un t ersu chungen u eber das Erfrieren den P flanzen, 16- 26. 
11 Metz, Carl. Neue Untersu chungen u eber das Erfrieren e isbesHind iger 
Pflanzen. Flora odeI' Allg. bot. Ze itung. 94': 94. 
J 2 Pfeffer , W. P flanzenphysioiogie, 2: 308. 
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that time. Six inches of the tips from three twigs formed the 
basis for each test. 
In the tests from which the data for tables XI and XII were 
obtained vaseline was used on the cut ends of the twigs in order 
that all loss of water would have to take place through the bark. 
There was some doubt as to the effectiveness of the vaseline, so 
that hard paraffin was used in all later tests. 
In table XI the rate of evaporation in the various varieties at 
the end of 16 and 24 hours, beginning with those giving off the 
least amount of water, stood as follows: Hibernal, Oldenburg, 
Soulard, Ben Davis, Delicious and Jonathan. In table XII the 
order is only slightly different: Soulard, Hibernal, Oldenburg, 
Ben Davis, Delicious and Jonathan. In each test the hardier 
varieties have given up their water the less readily. 
Table XIII shows the results with a larger number of varieties, 
each being run in duplicate under the same conditiun. The re-
sults do not correspond as closely as in some of the other tables. 
In this case only an average can be taken of the two. It is still 
evident that the hardy sorts evaporate their water a little more 
slowly than the less hardy varieties. The total amount of water 
evaporated, however, is nearly the same. 
Table XII shows duplicates of the tests reported in Table XI 
run at 40° 0. 
Table XIII shows results with twigs from nursery trees dried 
at 40° and 50° 0, the cut surfaces being paraffined except where 
it is specially noted that vaseline was used. 
SUMMARY 
These investigations of the maturity, moisture content and rate 
of evaporation of the twigs at the close of the growing season as 
to their correlation with hardiness lead to the following con-
clusions: 
1. The maturity of the wood at the time cold weather sets in 
undoubtedly has a most important bearing upon the ability of 
the tree to withstand cold. 
2. By noting the formation of terminal buds and the time of 
leaf fall a pretty accurate idea of maturity may be secured. 
There are a few varieties however to which this rule cannot be 
strictly applied. 
3. In the results obtained the hardier varieties on the aver-
age had a slightly lower moisture content than the more tender 
varieties. This difference is more marked during the growing 
season. Later in the summer and in early fall the margin of 
difference is not so marked. 
4. The above mentioned difference in water content can be 
explained partly at least by the fact that the more tender sorts 
evaporate water more readily than do the hardy varieties. Freez-
ing tends to dry the twig out. After a period of very cold 
weather the twigs of the hardy varieties are generally found to 
contain the most moisture. 
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Delicious 2.8100 1.8430 .9670 34.4 1.6365 1.1735 41. 7 1. 4370 1.3730 48.8 
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Anisim 4.9040 • 3.6560 1.2480 25.4 3.2620 1. 6420 33.4 2.5200 2 .3842 48.6 
7.1992 5.8850 1.3142 18.2 5.5550 1.6442 22.8 4.2600 2.9392 40.8 44.6 
Black Annette 4.6505 4.6505 3.6775 .9730 20.9 3.4650 1.1855 25.4 2 .6660 1.9845 42.6 
4. 8300 4.8610 0 .8750 .9860 20.4 3.5720 1.2580 26.0 . 2.5295 2.3315 48 . 2 . 45.8 
Gano 
I 
2.9150 
I 
2 . 9420 2.2060 I .7360 25.2 2 .0050 .9100 I 
31.2 1. 4980 1.4440 48.7 
3.7725 3.7950 2. 8600 .9350 24.7 2.5800 1.1925 31.6 1.7650 2.0300 53.8 51.3 
I-' 
00 
00 
Grimes 
Ingrain 
Iowa Blush 
Lansingburg 
Mi n k ler 
McIntosh 
Patten 
Ralls 
Roman Stem 
Salome 
Si lken Leaf 
Soulard 
Virgin ia Crab 
\Valbridge 
\Vealth y 
Winesap 
• Vaselined. 
2.7260 
3.2865 
3.7600 
6.0320 
3.1590 
2.6250 
3.0250 
2 .8500 
5 .5275 
4.8600 
3.4680 
3.5400 
5.9355 
3.9000 
5.8380 
4.5900 
3.8700 
6.0490 
5.1260 
2 .4215 
3.1070 
3.1430 
3 .884 0 
3.7445 
4.1020 
5.4350 
7.2310 
7.8060 
2 .9140 
2.1390 
2.7550 
3.3125 
3.7600 
6.0930 
3.1590 
2.6450 
3.5050 
2.8700 
fi.5350 
4.8800 
3.4910 
3.5460 
5.9700 
3.9270 
5 .8475 
4 . 6100 
3 .8800 
6.0850 
3.1070 
3.1680 
3.8930 
3.7500 
4.1020 
5.4500 
• 
2.9160 
2.1550 
** No clup1icate~. 
I 
I 
I 
2 .0140 .7410 
2 .4900 . 8225 
2.7735 .9865 
4.5970 1. 4960 
2.3540 .8050 
1.9040 .7410 
2.1635 1. 3415 
1. 9410 . 9290 
3.8225 1 .7125 
3.6490 1.2310 
2 .7450 .7460 
2.8300 .7160 
4.6400 .3300 
3.1010 .8260 
4.5940 1.2535 
3.6505 .9595 
2.5800 1. 3000 
4.3985 1.6865 
3.8980 1. 2280 
1.7750 .6465 
2.5560 .5510 
2.6400 .5280 
3.1395 .7535 
3.1550 .5950 
3.9910 .1110 
4.1750 1.2750 
5.4500 1.7810 
6.1330 .6730 
2 .1225 .7935 
1 .6360 .5190 
27.1 
25.2 
26 .2 
24 .8 
25.4 
28 .2 
44.3 
32 . 5 
30.9 
25.3 
21.5 
20.2 
22.4 
21.1 
21.4 
20.9 
33.5 
27.8 
23.9 
26.7 
17.7 
16.7 
19 .4 
15.9 
27.0 
23.4 
I 24.6 
I 
21.4 
27.2 
24.2 
1.8410 
2.2900 
2.5930 
4 .2000 
2.2050 
1.7250 
1.9790 
1.7550 
3 . 5395 
3.2940 
2 5750 
2 6215 
4.3700 
2.8310 
4.2400 
3.3560 
2.3210 
3.9575 
3.4750 
1.6350 
2.3720 
2.4500 
2.9865 
2.9930 
2 .7550 
3.8400 
4.7800 
5.6850 
1.9875 
1.5100 
I 
I 
I 
I 
.8850 
.9965 
1.1670 
1 .8320 
. 9540 
.9000 
1. 0460 
1.0950 
1.9880 
1.5660 
.8930 
.9185 
1.5655 
1 . 0690 
1.5980 
1. 2340 
1. 5490 
2.0915 
1.6510 
.7865 
.7350 
.6930 
. 8975 
.7515 
1. 3470 
1.5950 
2.4510 
2.1210 
. 9265 
.6290 
I 
I 
I 
32.4 
33.2 
31.0 
30.3 
30.2 
34.2 
34.5 
38.4 
35 . 9 
32.2 
25.7 
25.9 
26.3 
27.4 
27.3 
26.8 
40.0 
34.5 
32.2 
32.4 
23.6 
22.0 
23.1 
20.0 
32. 8 
29.3 
33.8 
27.1 
31. 7 
29 .4 
I 
I 
I 
1.4000 
1. 7050 
1. 9400 
3.0000 
1.9110 
1.2810 
1.5885 
1.4430 
2.9250 
2.4755 
1.9700 
1.7260 
3.4750 
2.0005 
3.0660 
2.2560 
1. 8900 
3.0000 
2.5010 
1.1750 
1 .5075 
1. 5990 
2.3900 
2.0425 
2 . 0695 
2.7450 
3.5800 
3.7775 
1. 5510 
1.1975 
I 
I 
I 
I 
1.3550 
1 .6075 
1. 8200 
3.0320 
1.2480 
1. 3640 
2.0165 
1.4770 
2.6100 
2.4045 
1. 5210 
2.8200 
2.4950 
1 . 9265 
2.7815 
2.3540 
1. 9900 
3.0850 
? ~250 
1. 2465 
1 .5995 
1.5690 
1.5030 
1.7075 
2.0325 
2.7050 
3.6510 
4.0285 
1.3650 
.9575 
I 
49 .7 
45.8 
48.4 
51.1 
39.5 
52.9 
66.6 
50.0 
47.2 
49.4 
43.8 
51.4 
42.3 
49.4 
47 .6 
51.2 
51. 4 
51.0 
51.2 
51.4 
51.4 
49.9 
38.6 
48.2 
49.5 
49.7 
50.4 
51.6 
46.8 
44.7 
47 .7 
49.7 
46.2 
58 .3 
48.3 
47 .6 
45.8 
49.4 I-' 
00 
'-0 
51.2 
51.3 
50.6 
•• 
•• 
49 
50.9 
45.7 
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CORRELATION OF STRUCTURE OF STEMS WITH 
HARDINESS 
Finding a difference in the rate Of evaporation between hardy 
and tender varieties what is the reflson for such differences ~ Is 
it due to any extent to any structural characters or to any kind 
of physical composition that can be measured or otherwise ac-
curately determined ~ 
An investigation bearing on this problem together with a gen-
eral study of the stem and bud structure was carried on by Hal-
sted 13 at the Iowa State Coll ege in 1888 and 1889. Some twigs 
were taken from the Imva Experiment Station orchard and 
others were obtained from other parts of the state. Both longi-
tudinal and cross sections from different locations on the twig 
were made with quite a number of cultivated varieties and also 
with some crabs. 'rhe Soulard and wild crab, forms of Malus 
ionesis, were found to differ slightly in texture from the culti-
vated varieties, being characterized by a little finer wood, and by 
the bark being slightly more dense than in the cultivated forms. 
In summing up the whole work these conclusions were drawn. 
"No constant difference in all structure probably exists among 
apple twigs by means of which one sort may be unmistakably 
distinguished from all others. Much less is there any point in 
minute structure invariably present with those sorts which are 
classed as hardy and absent from tender varieties. . When 
the mature twigs of the latter (tender) sorts are compared with 
those of hardy varieties, no differences of minute structure are 
observed; at least if any are found between the twigs, they are 
easily within the range of variation of twigs from the same sort, 
grown under different circumstances." 
Work of a similar nature to the above was carried on by Eng-
lish 14 at the University of Vermont. Microscopic examinations 
of sections of twigs at different distances from the tip of box-
elder, hackberry, black walnut, white ash, and apple, were made. 
Measurements were taken on the thickness of bark, wood and 
pith, thickness of cell walls, size of cells, etc. The results re-
vealed quite remarkable differences in thickness of these parts, 
but owing to the fact of such a variation in thickness of tissue 
even in the same twig, no generalization with respect to struc-
ture as related to hardiness was found possible. 
Stewart 15 made extended observations on the relation of the 
leaf structure to hardiness. He comes to the conclusion that 
there is not sufficient ground for believing that the number of 
palisade cells bears any important relation to hardiness. 
13 Bull. Iowa Agr. Expt. Sta. 4: 104-132. 1889. (Am. Porn. Soc. Rpt. 1889: 45. 
Mem. Torrey, Bot. Club, 2 : 1, 26.) 
14 Thesis. The Winter Killing of Twlgs and Buds. 1888. 
15 Rep. Ia. State Hort. Soc. 1892: 467. 
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Pammel '6 from his observations on structural characters con-
cludes that the structure of the reserve pith, the medullary ray 
cells and the reserve food in the pith of the most hardy varieties 
do not show any marked differential characters from the less 
hardy. 
During the spring of 1910, preliminary work along this line 
was carried on by Beach at the Iowa Experiment Station, using 
cions of both one- and two-year wood. The results have been 
collated but have not been published. While some differences 
in structure were found they were not constant enough to en-
courage the continuation of the work. 
Early in April, 1911, several twigs each of twenty-three vari-
eties of apples obtained from Shenandoah, Iowa, and from the 
Station orchard at Ames were prepared for sectioning according 
to the paraffin method. Sections two internodes in length were 
cut from each twig, beginning with the fifth internode from the 
second year's wood. This part of the twig was chosen arbi-
trarily simply to have a definite basis of comparison. 
The sections after being carried through the various processes 
proved to be a disappointment in that the alcohol had made the 
wood entirely too hard to section successfully, either with the 
sliding microtome, or by hand. Consequen.tly fresh material was 
obtained during the early spring of 1912 and free hand sections 
were made while the wood was still fresh, with much better re-
sults. The sections were treated with phloroglucin and dilute 
hydrochloric acid, staining the woody parts red. Glycerine was 
used for mounting and the cover glass sealed with goldsize. 
While this method would not do where the slides are to be 
kept any great length of time, in this work it gave the best re-
sults of any method tried and has a great advantage in that it 
takes comparatively little time. The twigs came from as far 
south as Arkansas and as far north as Sitka, Alaska, and Otta-
wa, Canada. In all from 75 to 100 slides were made, two slides 
being made from each twig; one showing sections just back of 
the terminal bud, the other hack 1/ 15 of the length of the twig. 
The points studied were the relative thickness of pith, wood 
and bark, the number, shape, and compactness of the cutinized 
cells, the shape and size of collenchyma cells, the relative 
amounts of stored food and the percentages of the wood lignified. 
After making and studying a hundred or more slides repre-
senting different varieties from different sources, it was impos-
sible to find any definite correlation of hardiness with structure 
or composition. It was then decided to limit the range of the 
study to the thickness of bark, number of cutinized layers and 
starch content of the twigs, using only material from some of the 
more important varieties growing in the Station nursery and 
'6 Rep. la. State Hort. Soc. 1893: 104, 1 pI. 
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orchard. 'I.'he general results are set forth in tables XIV and 
XV. 
Table XIV gives results of observations on twigs taken from 
nursery trees, using sections made lh inch back of the terminal 
bud. 
TABLE XIV. 'L'HICKNESS OF BARK AND AMOUNT OF STORED 
FOOD IN TWIGS 
Variety 
Anisim 
Ben Davis 
Delicious 
Gallo 
Grilnes 
Hibernal 
Iowa Blush 
Jonatha n 
McIntosh 
Olde nburg 
Patten 
Silken Leaf 
Soulard 
Winesap 
/
Thickness of Bark /cutinized I 
. I I Layers Amount Stored Food 
Min. Max. Ave r. 
24 
18 
24 
30 
18 
24 
21 
24 
18 
18 
24 
21 
18 
18 
30 I 27 I 
~~ I ~~ .5 1 
~~ I g I 
24 22.5 
30 27 
21 19. 5 
24 21 
30 21 
24 22.5 
27 I 22.5 
21 19.5 
I 
1-2 
2 
1-2 
1 
1 
2 
2 
2-3 
2 
2-3 
ILarge 
I Large 
Fair amount 
IP ith well filled 
I Fair amount 
IGOOd amount except cen-ter of pith L a rge 
Large 
I Large 
IVery full 
ICenter of pith partly 
I empty 
'I.'able XV shows results of similar observations on twigs taken 
from trees in the Station orchard. 
TABLE XY. THICK~ESS OF BARK AND AMOUN'L' OF S'fORED 
FOOD IN TWIGS 
Variety 
Anishn 
Gano 
Grimes 
Hiberna l 
Jonathan 
Malus ioensis form 
Oldenburg 
Virginia Crab 
Wealthy 
'Winesap 
I Thickness of Bark ICutinizedl . I I L ayers Amount Stored Food 
Min. Max. Aver. 
I 24 I 42 I 31 I 2-3 ILarge 
I 18 I 24 21 2-3 IFair, pith not full 
\ 
15 I 18 1 16 .5 I 2 I Large 
30 36 33 2 I Pi th and rays full 
27 I 30 I 28.5 I 2-3 IFair to large 
I 30 33 31.5 2 IFair 
I 30 I 36 I 33 I 2-3 Some vacant cells in cen-
I I I I tel' of pi th 24 33 28.5 I 
I 30 I 36 I 33 2-3 I Large 
I 15 18 I 16.5 I 1-2 Icenter of pith not well 
I I I filled 
The results shown in tables XIV and XV are the average of 
quite a number of examinations of each variety. They seem to 
show some correlation between the thickness and structure of the 
bark and the rate of evaporation. It has already been noted 
that such varieties as Grimes and Winesap lose their moisture 
more rapidly than do some of the hardier varieties. As will be 
seen from these tables, the bark of the hardier varieties runs a 
little thicker than that of the less hardy sorts. 'rhe minimum 
thickness of the bark of the former, however, is often exceeded 
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by the maximum thickness of the latter, so that there is an over-
lapping which makes it difficult to make any positive statements 
in this regard. 
In all probability the thickness and shape of the cells com-
prising the cutinized layers are factors which function here as 
'well as the number of layers and the entire thickness of the bark. 
To determine this, hO\\'ever, would necessitate a great deal of 
close study and would be extremely difficult. 
'1'he amount of stored food contained in the twigs shows that 
there is some relation between stored food and hardiness. Grimes 
and forms of Malus ioensis, ho\rever, seem to be more or less ex-
ceptions since the former variety was found to have the pith well 
filled with starch. whereas the latter contained about the least 
amount of any variety examined. 
SUMMARY 
These studies of the structure of apple twigs as to their corre-
lation with the degree of hardiness of the variety lead to the fol-
lowing conclusions : 
1. The rate of evaporation is no doubt modified by small dif-
ferences in thickness and structure of bark, including differences 
in the number of cutinized layers. These points are difficult to 
determine accurately, but the differences observed indicate such 
correlation. In the light of results obtained by Buhlert, Led-
forss, Marimo, Bartetzka, Maximo,"7 Ohhreiler,18 Gorke, Schaffint, 
Ohandler,1u and others, the lower rate of evaporation in the 
hardier varieties is more likely due to a de!Jser cell sap. 
The above investigators working upon the relation of sap 
density to effects due to low temperature, have in common shown 
that there is a direct correlation between resistance to low tem-
peratures and density of cell sap. Since the rate of evaporation 
is lessened by increased density of cell sap, a lower rate of evap-
oration in the hardier varieties would be expected. 
2. Most of the hardy varieties contained a large amount of 
starch stored in the pith and medullary rays. The forms of 
Mal1ls ioensis. however, proved to be an exception in this regard. 
FLOWER STRUCTURES A.S CORRELATED WITH 
HARDINESS 
Size and Thickness of Petals 
One of the theories in connection with hardiness is that the 
flowers of the hardier varieties of apples have the largest petals. 
Vincent 20 made some observations regarding this but not 
17 Ber. der Deutsch. Bot. Gesell. 30: 52-65; 293-305, 504 -16. 1912. A review 
of the work of Buhlert, Liclforss, Bartetzka, Gorke, Schaffint and others is 
given in these articles. 
18 Report of Mo. Bot. Gar. 23: 101-131. 1912. 
19 Res. Bull. Mo. Agrl. Exp. Sta. 8, 1913 . 
. '0 Report. Iowa Hort. Soc. 1884: 217-218. 
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enough data were obtained to draw any definite conclusions. 
Speer 21 makes the statement, "rfhe petals of the flowers of vari-
eties which have endured the climate of Iowa best are larger and 
much thicker than the petals of the flowers of tender trees. The 
former differ from the latter also in having shorter and more 
stocky pistils and stamens." No data are given to support these 
statements but his conclusions are evidently based upon the work 
of Halsted quoted below, as verified by his personal observation. 
Halsted 22 in his discussion of the characteristics of Hardy and 
Tender Fruit Trees states: "The petals of the flowers of vari-
eties which have endured the climate of Iowa best, are larger 
and much thicker than the petals of the flowers of tender trees. 
The flowers differ from the latter also in having shorter and more 
stocky pistils and stamens and larger stigmas, anthers and pollen 
grains. " 
The junior' author made a brief study of these characteristics 
in twenty-two varieties including some of the most hardy and 
more tender sorts. It was found that in the main the hardier va-
rieties did have the larger petals. Such varieties as Oldenburg, 
Patten, Wealthy and Cbarlamoff had much larger petals than 
Jonathan and Ben Davis. 
Regarding the length of stamens and pistil, the measurements 
taken did not confirm the statement of Halsted. It was found 
that Oldenburg, Patten, I-Iibernal, Walbridge and forms of 
Malns ioensis have the longest stamens and pistils of any of the 
varieties noted, being from one-fourth to one-third longer than 
those found in Ben Davis, Gano and Winesap. However, Bril-
liant and McIntosh, which are generally classed as quite hardy, 
have short stamens and pistils, the former having the shortest 
found in any variety. Gano, Ben Davis, Grimes and Jonathan 
rank about medium. 
No measurements were taken to determine the exact thickness 
of the petals, this point being noted by simply comparing the 
feeling of one variety with another. Quite a difference could be 
noticed by this simple method. The results are shown in the fol-
lowing table. 
TABLE XVI. VARIETIES CLASSED AS TO THICKNESS OF PETALS 
Thick Petals 
Anisim 
Hibernal 
M. ioensis form 
Oldenburg 
Patten 
!Med. Thick petals!Rather Thin petalS! Thin Petals 
IBen Davis ICharlamOff IBlack Annette Briar Sweet Crab Grimes Gano IBrilliant I IGreen Sweet Dudley I Roman Stem IJOnathan Iwalbridge McIntosh Winesap 
Red June I 
I Soulard Crab I 
I Wealthy 
21 Bull. Iowa Agr. Expt. Sta. 3: 51. 1888. 
22 Bull. Bot. Dept. Iowa State College. 3. 
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PETALS THICK 
PISTI L _I _~I 5TAMENS _1--4 
0000 
BRILLIANT - PETALS ME.D. THICK 
PISTIL ~ STAMENS _ 
00 0 
SOUL'ARD - PETALS MEDIUM THICK 
STAMENS 
PISTIL 
00 
"'NNE SAP - PETALS IH IN 
P,ST I L.. -- 'STAMENS --
-
Fig. 18. Actual size of petals and length of stamens and pistils of flowers 
taken from various very hardy and less hardy apples. 
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WAL13RID6E -PETALS THD STI\ME.NS _. __ 
PISTIL 
CHARLAMOFF-PETALSRATHERTHIN 
PISTI L STA MENS _. ----4 
o o 
BLACK AN N ETTE - PETALS TH I N 
STAMENS 
P(STI L 
BRIER. SWEET PE.TAL-S MED. THICK. 
PISTI L. -... STA ME...NS t---I 
Fig. 19. Actual size op' petals and length of stamens and pistils of flowers 
taken from various very hardy and less hardy apples. 
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o o 0 
BEN DAVIS 
PISTIL ___ 
PE TALS MED . TH ICK 
STAMENS 
Mf: INTOSH 
ANISIM 
o 
PETALS MEDTHICK 
STAMENS 
PISTIL 
PETALS THICK 
STAMENS 
PISTIL 
OL.DE.NBURG PETALS THICK 
F ig. 20. 
PISTIL 1-1 __ .. STI\ME.NS __ --1 
Actual si ze of petal s and l eng t h of stamens and pis til s of flowers 
taken from vari ous very h a r dy and l ess hardy appl es. 
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o 0 00 
ROMAN STE M -- PETALS I" H IN 
5TAMENS 
PISTIL 
DUDLEY -- PETALS MED. THICK 
PISTIL __ STAMENS 
HIBERNAL - PETALS THICK 
STAMENS 
PISTIL 
GRE.EN SVV5ET PETAI..S THIN 
Fig. 21. 
PISTI L . .---... ,sTAME.NS ...--.. 
Actual size of petals and length of stamens and pistils of flowers 
taken from various very hardy and less hardy apples. 
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GANO- PETALS THIN 
STAMENS 
PISTIL 
Q 
WEALTHY- PETALS MED. THICK 
STAMENS 
PISTIL 
RED JUNE - PETALSMED.THICK 
STAMENS 
PISTIL 
Fig. 22. Actual size of petals and length of stamens and pistils of flowers 
taken from various very hardy and less hardy apples. 
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0000 
JONATHAN-PE.TALS MEO.THICK 
STA MENS t-----4 
PISTIL 
GRJMES- RATHER THI N 
STAMENS 
PISTIL 
MALUS lOENS\S FORMS 
STAMENS 
PISTIL 
Fig. 23 . Actual size of petals and length of stamens and pistils of flowers 
taken from various very hardy and less hardy apples. 
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From the above tabulation it is noted that four of the varieties 
having the largest petals also have thick petals. An exception to 
this is seen, however, in the Charlamoff, 'which has a large but 
rather thin petal. On the other hand Brilliant has very small 
but moderately thick petals. '1'he same is true of Malns ioens~. 
'1'hus the thickness of the petal does not seem to be necessarily 
correlated with the size although some indications point in that 
direction. 
While the above shi.dy takes only a comparatively few varieties 
into consideration, and is not sufficiently extended to warrant the 
statement that largeness and thickness of petals are necessarily 
characteristics of hardiness, yet none of the observed varieties 
possessing these characteristics are tender. 
The study of a much larger number of varieties would be of 
interest but owing to the scarcity of bloom during the last season 
this was impossible. 
Large petals seem to characterize very hardy Russion sorts. 
However, some of them are probably no hardier than our native 
crab. 
As opposed to Halsted's statement. the hardier sorts were 
found to have longer stamens and pistils than the medium hardy 
or tender varieties. 
rfhe size of petals and the length of stamens and pistils of a 
few varieties are shown in the following cuts. 
SUMMARY 
These studies of the morphological differences in apple blos-
soms as to their correlation with the hardiness of the variety lead 
to the conclusion that large thick petals are correlated 'with hardi-
ness, although the converse of this is not always true. The large 
flowers are characteristic of the Russian type represented by 
Oldenburg, Patten and Charlamoff. 
COMPARISON OF' vARIETIES AS TO RESISTANCE TO 
COLD 
Freezing tests were conducted to find, if possible, the tempera-
tures at which various twigs would kill under a given condition, 
and also to determine the relation between moisture content of 
twigs and their ability to withstand cold. Most of the twigs used 
for this purpose were cut from the Experiment Station orchard, 
but some 'were also taken from the Graves orchard near Ames. 
Six inches of the tips of two twigs were used in each case. Checks 
were also run. 
The very low temperatures were obtained by the use of liquid 
carbon dioxide. The temperature was lowered gradually, first 
going as low as could be obtained with salt and ice and then turn-
ing on the carbon dioxide. Uniform temperatures 'were not ob-
202 
tained with the apparatus used but, after several trials, it was 
generally found possible to hold the temperature within a range 
of about 5 degrees F. 
After freezing, the twigs were either allowed to thaw out in the 
box packed with ice, or were taken out and put in crushed ice. 
After twelve hours the basal ends were cut under water and put 
in beakers of water to force out. A simple contrivance consist-
ing of a large can and a lead coil was first fixed up with the idea 
of forcing the twigs in less time by having them in a warm spray. 
Fungi became so bad, however, that this method was abandoned 
and beakers used. Even here the fungi were still troublesome, 
but the fungous growth was largely confined to the leaf scars 
where some substance was exuding. 
Following is a list of these freezing experiments: 
Set I. Jan. 24, 1913. 
Varieties: Hibernal, Oldenburg, Wealthy, Gano, Grimes and Winesap. 
Twigs frozen at a temperature of from -30°F, to -60°F for 45 minutes, a 
temperature of from -30° to -40° being maintained most of the time. Prev-
ious to this low temperature, the twigs were pre-cooled for half an hour by 
the use of salt and ice. 
Results: All twigs killed. 
Set II. Jan. 28, 1913. 
Varieties: Same as above with the addition of Anisim, Ben Davis, Ol-
denburg, Grimes, Jonathan, Ralls, Wealthy and Winesap from Graves or-
chard. 
Twigs frozen 1 hour and 30 minutes at a temperature of from -30°F to 
-58°F; -30,o F to -40°F being maintained most of the time. 
Results: Wealthy and Hibernal from the Station orchard and Oldenburg 
and Anisim from the Graves orchard were killed back about two inches 
from the tip. All other twigs were killed entirely. 
Set III. Jan. 28 1913. 
Varieties: Same as Set I, frozen for 30 minutes at -30° to -40°F. 
Results: All "-ere killed back several inches from the tip. The base of 
most twigs, especially the hardier varieties, seemed uninjmed but no buds 
could be forced ant, up to March 3rd. 
Set IV. Feb. 14, 1913. 
Varieties: Same as Set I , frozen for 30 minutes at -30° to -40°F. 
Results: Tips of Oldenburg- and Hibernal killed back two inches. Othel' 
yarieties killed back three inches or more. 
Set V. Feb. 14, 1913. 
Varieties: Same as Set I , frozen 1 hour at a temperature of fl'om -30° 
to -53 °F. 
Results: Same as with Set IV. 
Set VI. February 14, 1913. 
Varieties: Same as Set I, frozen 1 hour and 45 minutes at a temper· 
ature of from -30° to -58°F. 
Results: 'L'wi ?s practically entirely killed with the exception of Hibernal. 
Set VII. Feb. 14, 1913. 
Varieties: Grimes, Jonathan, Winesap, Ben Davis, Anisim, Olden burg 
and Wealthy from Graves orchard. Also twigs of Malus ioeusis. Frozeu 
for 50 minutes with the temperature from 0° to -48°F. 
Results: Wealthy and Hibernal uninjurEd one inch back of the tip. 
All others killed back 2.5 inches or more. 
Set VIII. Feb. 14 1913. 
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Varieties: Same as Set I, frozen for 30 minutes, from a temperature of 
-15° to -40°F_ 
Results: Same as Set VII. 
Set IX. Feb. 17, 1913. 
Varieties: Same as Set I. Frozen at -10° to -15° for 20 minutes. 
Results: Hibernal and Oldenburg killed back one-half inch; Wealthy 
killed back 1 inch; Gano, Grimes and Winesap killed back two inches or 
more from tip. 
Set X. F eb. Ii, 1913. 
Varieties: Same as Set VII. Twigs slightly dried out. Frozen with 
Set VIII. 
Results: One t\yig each of Oldenburg and Wealthy were not injured. 
All others " ere killed back from one to three in ches, th e hardier varieties 
showing the less injury. 
Sets XI, XII, XIII. Feb. 17, 1913. 
Varieties : Same as Set I. Each set frozen for 20 minutes with a min-
itnum temperature of _10°, -25°, and -35°F respectively. 
Results: All twigs killed at the tips; the killed area being greater with 
the tenderer varieties. 
Several sets of twigs not frozen were used as checks, but some 
difficulty was encountered in getting all of them to force out, 
some few being apparently dead, although they were perfectly 
green when cut. 
In each case Oldenburg was the first to show signs of life; the 
other hardy varieties coming next and the tenderer sorts being 
the last to force. 
The above results show that the injury incurred is inversely 
proportional to the hardiness of the variety, but that even these 
varieties which can withstand from -25 0 to _40 ° below zero under 
natural conditions cannot withstand a sudden drop in tempera-
ture to even _10°. The only case in which twigs were entirely 
uninjured being in Set X, where they were allovved to become 
somewhat dry before freezing, indicates that the amount of water 
contained at the time of freezing is a controlling factor_ 
SUMMARY 
'fhis comparison of varieties as to their resistance to the rapid 
fall of the temperature of from 10° below zero F. down to as low 
as _60 0 F. for short periods of time lead to the following con-
clusions: 
1. Within the limits observed a sudden drop in temperature 
is more injurious than the actual degree of cold. 
2. While all twigs not previously dried were injured to some 
extent when held in a temperature of _10° F. for 20 minutes, the 
injury was less in the hardier varieties, thus showing their abil-
ity to better withstand such a sudden drop in temperature. 
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OONOLUSION 
While in the 'various lines of comparison which were made 
there were found many indications of morphological differences 
between hardy and tender varieties yet from the practical view-
point it is impossible as yet to name anyone test by which the 
degree of constitutional hardiness of a seedling apple may be 
foretold. Among the various tests for hardiness, that of the 
length of season required by the tree to mature the season's 
growth is of first importance. Perhaps by taking careful notes 
on a number of trees of any particular variety for two or three 
years or more, noting their time of starting and cessation of 
growth, their ability to produce a good root system from the cion, 
their water content, the resistance of their twigs to sudden zero 
temperatures, and their rate of evaporation, a pretty accurate 
idea of the ability of the tree to withstand cold might be ob-
tained. If in addition the variety has hard wood, a good amount 
of stored starch and large petals, these would be further indica-
tions of hardiness, although from this study it appears that these 
points are of less importance than those first named. 
